Abstrac:t. The larvae of Pseudocarcinus gigas, obtained from females collected from eastern Tasmania, were reared from hatching to metamorphosis. The larval series has five zoeal and one megalopal stages. This paper presents a description of these stages and a comparison with other members of the subfamily Oziinae.
Introduction
Pseudocarcinus gigas (Lamarck, 1818) is the largest xanthoid crab and males reach at least 13.6 kg. It occurs in oceanic waters of southern Australia and has been targeted commercially in a trap fishery since 1990. While individuals are found inshore occasionally, they are found mainly in depths between 140 and 270 m, where most fishing effort is directed (Hale, 1927; Levings eta/., 1996) .
Pseudocarcinus is a monospecific genus and has not been included in recent reviews of Xanthoidea (e.g. Guinot, 1978; Serene, 1984) , although it appears to belong to the subfamily Oziinae within the family Oziidae (P.Davie, Queensland Museum, personal communication). Larval information is available for several other species within the Oziinae, including Ozius rugulosus (Kakati and Nayak, 1977) , O.truncatus (Wear, 1968; Wear and Fielder, 1985) , Baptozius vinosus (Saba eta/., 1978a) , Menippe adina (Martin, 1988; Martin eta/., 1988) , M.nodifrons (Scotto, 1979) , M.rumphii (Kakati, 1977) , M.mercenaria (Porter, 1960) and Epi xanthus dentatus (Saba eta/., 1978b) . This paper expands upon a preliminary description of the first stage zoea of P.gigas (Quintana et al., 1996) to describe fully the zoeal stages and megalopa of P.gigas. The implications for taxonomic affinities are discussed.
Method
Ovigerous crabs were collected from depths in the range of 300-380 m off the east coast of Tasmania (41°17'S; 1~40'E) in June 1995. Females ranged in size from 2.2 to 3.5 kg and were held communally in 4 m3 tanks with flow-through, unfiltered sea water. Larvae were collected at dusk on the same day from two tanks to ensure that they were not from a single parent; further mixing probably occurred as several females were releasing larvae in each tank.
Newly hatched larvae were rinsed in 0.2 ~m filtered sea water (32%o salinity), then transferred to 1.8 1, black, rectangular culture vessels. One hundred larvae were placed in each vessel and maintained in a temperature-controlled room at 15.5°C. Zoeal stages were fed a mix of Protein Selco™ enriched rotifers (Brachionus plicatilis) and Artemia nauplii for the first two instars, and enriched Artemia only thereafter. Ongrown Artemia (7 days) were supplied to megalopa. Larvae were transferred by pipette into cleaned sterile containers (2 I) with fresh, 0.2 1..1m filtered sea water daily (32-34%o salinity). Larvae and exuvia from each stage were preserved for description in buffered 5% formalin. Voucher specimens have been deposited with the Tasmanian State Museum, the Laboratoire de Zoologie-Arthropodes, Museum National d'Histoire naturelle and the Natural History Museum, London (registration number 1996.1195). Measurements and descriptions were usually made from 10 larvae for each stage. Measurements taken were as follows. For the zoeal stages: IT: the distance between the tips of dorsal and rostral spines; CW: between the tips of the lateral spines; CL: from the base of the rostral spine to the posterior margin of the cara pace. For the megalopa: CW: the maximum distance across the carapace; CL: the maximum distance along the carapace. Dissected appendages were first stained in Lees methylene blue before preparation as wet mounts. Drawings were made using a Wild M-5™ stereomicroscope and a Nikon Optiphot-2™ compound microscope, both equipped with a camera Iucida. Drawings of the first zoeal stage were then retraced and edited by computer using Adobe Illustrator™. Measure ments were made by image analysis using NIH Image ™ software. Setal counts are proximal to distal. Setae were classed as simple (S), sparsely plumose (SP), plumose (P), highly plumose (HP) or plumodenticulate (PD) (Greenwood and Fielder, 1984) .
Several other larval rearing trials were conducted to investigate the effects of temperature, light intensity, photoperiod and prophylactic disease treatment. In some of these trials, larvae developed to an intermediate stage after zoea 5, particularly following prolonged exposure to high doses of oxytetracycline (Gardner and Northam, 1997) . None ofthese larvae developed further. This stage was considered abnormal so it is not included in the present description.
Results
Under rearing conditions used in this trial, the mean time taken to reach mega lopa was 54.0 days (SD =3.2; n = 180) and the mean time to complete larval development (crab 1) was 91.8 days (SD =3.93; n = 26). The rate of development of P.gigas larvae is discussed in more detail elsewhere (Gardner and Northam, 1997) .
Prezoea (Figure IA)
Prezoea larvae were obtained from egg masses of females where hatching was in progress and were never collected with free-swimming larvae taken from tanks immediately after hatching. As with prezoea larvae of other decapods (Quintana and Konishi, 1986) , the prezoeal cuticle enveloped setae so that details of structure could not be seen. Carapace spines were depressed, although the abdominallateroventral spines were clearly apparent.
Zoea/
Carapace (Figures JB and 3A; Table/) . Eyes immobile; all carapace spines well developed and prominent (frontal spine = 0.63 mm; dorsal spine = 1.36 mm; lateral spines= 0.43 mm); dorsal spine slightly curved backwards and pointed; lateral spines conspicuous and with slight ventral curvature; frontal spine smooth, distally pointed, and with slight anterior flexure; anterodorsal setae absent; one pair of posterodorsal setae; the ventral margins of the carapace without setae. Figure 3C ). Uniramous, endopod absent; exopod unsegmented with three aesthetascs and two simple (S) setae. Figure 3D ). Protopodal process less than half the length of the frontal spine and bearing around 25 spinules in rows along distal half; endopod absent; exopod rudimentary, unsegmented with three unequal setae (S). Figure 3£ ). Solid with molar and incisor processes well developed (clearly observed in well-preserved exuviae); incisor process with small marginal teeth; endopod palp absent. Figure 3F ). Coxa without setae; coxal endite with seven plumoden ticulate (PD) setae and one seta (S); basial.endite with five setae (PD); endopod bisegmented, proximal segment with one sparsely plumose (SP) seta, distal segment with 2+2+2 setae (SP); exopod seta absent. Figure 3G ). Coxal endite bilobed with 6+4 setae (PD); basial endite bilobed with 6+5 setae {PD); endopod bilobed with 3+5 setae (PD); exopod (scaphognathite) margin with four highly plumose (HP) setae and one long, plumose distal stout process.
Antennule (

Antenna (
Mandible (
Maxillule (
Maxilla (
First maxilliped (Figure 3H and H') . Coxa without setae; basis with 2+3+3+3 setae (S); endopod five-segmented with 2, 2,1,2~ setae (PD except 1-2 simple setae on terminal); exopod two-segmented, distal segment with four terminal setae (HP). Figure 31 and/'). Coxa without setae; basis with four setae (S); endopod three-segmented with 1,1,4 setae (PD except two simple setae on terminal); exopod two-segmented, distal segment with four terminal setae (HP).
Second maxilliped (
Third maxilliped. Absent.
Pereiopods (Figure 31). Uniramous and rudimentary.
Abdomen ( Figure 3B and B'). Five somites; somite 1 with mid-posterodorsal spine and no dorsomedial setae; somites 2 and 3 with anterolateral knobs, in addition, the latter with sharp lateroventral spines as in somites 4 and 5; somites 2-5 with a posterodorsal prominence-bearing two minute dorsal setae; somite 2 with a minute mid-posteroventral seta; pleopod buds absent.
Telson ( Figure 3B and B'). Broad, bifurcated, curved backwards; each furca distally pointed, with a well-developed, smooth lateral spine with a small spine on the inner margin; inner margin of furcae with 3+3 biplumose setae lateral to acute median notch; small dorsomedial spine present on each telson furca, arising well posterior to setae bases. 
Zoea II
Carapace (Figures JC and 2A; Table/) . Eyes now mobile; carapace larger, with two pairs of anterodorsal setae and each ventral margin with three setae [one plumose (P) anterior seta and two sparsely plumose (SP) posterior setae], posterodorsal setation unchanged; dorsal spine more robust.
Antennule ( Figure 4A ). Exopod with four aesthetascs, otherwise unchanged. Antenna ( Figure 4F ). Unchanged. Figure 5A ). Unchanged. Figure 6A ). Coxa now with 1 seta (HP); coxal endite with 9-10 setae (PD); basial endite with 7-8 setae (PO); otherwise unchanged. Figure 7A ). Coxal endite with 7+4 setae (PO); basial endite with 7+6 setae (PD); endopod unchanged; exopod (scaphognathite) margin with 17-18 setae (HP) and rounded distally.
Mandible (
Maxi/lule (
Maxilla (
First maxilliped (8A).
Setae on basis unchanged in number but now plumoden ticulate; terminal segment of endopod with five setae (PD); exopod distal segment with six terminal setae (HP); otherwise unchanged.
Second maxilliped (BF).
Setae on basis unchanged in number but now plumo denticulate; exopod distal segment with six terminal setae (HP); otherwise unchanged.
Third maxilliped. Absent. Figure 9A ). Buds more developed and cheliped now chelate.
Pereiopods (
Abdomen (Figure lOA and B) . First abdominal somite with two dorsomedial setae; lateroventral spines of abdominal somites 3-5 of similar length, overlap ping next somite by approximately three-quarters length; inner margin of furcae with additional biplumose setae lateral to acute median notch giving formula of 4+4; otherwise unchanged.
Zoea III
Carapace ( Figure 1 D and 2B ; Table/ ). Larger than in previous stages with ventral margin developed into two notches; six pairs of anterodorsal setae; each ventral margin with nine setae (one plumose anterior seta and eight sparsely plumose posterior setae); otherwise unchanged.
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. B 0.25mm .CD 0.25mm . . E 0.5mm Antennule (Figure 48) . Endopod with additional aesthetasc; otherwise un changed. Figure 4G ). Endopod bud present; otherwise unchanged. (Figure 58 ). Unchanged. Figure 68 ). Coxa with 2-3 setae (HP); coxal endite with 11-12 setae (PD); basial endite with-11-13 setae (PO); endopod unchanged. Figure 78 ). Coxal endite with 8-10+5 setae (PO); basial endite with 8+ 7 setae (PO); endopod unchanged; exopod (scaphognathite) margin with 28-31 setae (HP).
Antenna (
Mandible
Maxillule (
Maxilla (
First maxilliped (FigureBB) . Basis unchanged; terminal segment of endopod with six setae (PO); exopod distal segment with 10 setae (HP); otherwise unchanged. Figure BG) . Number of setae on basis unchanged but now plumodenticulate; endopod unchanged; exopod distal segment with 10 setae {HP). (Figure 98) . Present, rudimentary and biramous with endopod slightly longer than exopod. Figure 98 ). Developing with differentiation of segments, segments without setae. Figure JOC) . Now six-segmented; posterodorsal surface of somite 1 with six setae (S); other somites as previously but with ventral swelling in presumptive pleopod region; inner margin of furcae with additional biplumose setae lateral to acute median notch giving formula of 5+5; otherwise unchanged.
Second maxilliped (
Third maxi/Jiped
Pereiopods (
Abdomen (
Zoea IV
Carapace ( Figures 1 E and 2C ; Table 1 ). Ridge along the posterior margin is well defined; carapace now with eight pairs of anterodorsal setae and each ventral margin with 15 setae (one plumose anterior seta and 14 sparsely plumose posterior setae) . Figure 4C ). Endopod bud absent; exopod now with six aesthetascs and one seta (S) terminally and with one aesthetasc and one seta (S) subterminally. Figure 4H ). Endopod bud on antenna approximately one-half the length of exopod; otherwise unchanged. Figure 5C ) . Now with mandibular palp bud. Maxillule ( Figure 6C ). Coxa unchanged; coxal endite with 12-15 setae (PD); basial endite with 17-20 setae (PO); endopod unchanged. Figure 7C ). Coxal endite with 1~11+6 setae (PD); basial endite with 9-10+8-10 setae (PD); endopod unchanged; exopod (scaphognathite) margin with 39-43 setae (HP).
Antennule (
Antennae (
Mandible (
Maxilla (
First maxilliped ( Figure 8C ). Basis now with 1+3+3+4 setae (PO); endopod unchanged; exopod distal segment with 14 setae (HP). 
Second maxil/iped (Figure BH). Basis and endopod unchanged; exopod distal segment with 14 setae (HP).
Third maxilliped ( Figure 9C ). Further developed; now with epipod. Figure 9C ). Further enlarged and differentiated into segments; no setae present. Figure JOD) . Mid-posterodorsal spine on abdominal somite 1 reduced; pleopod buds on abdominal somites 2-6 uniramous with endopod absent; second lateral spine and dorsomedial spine on telson reduced; inner margin of furcae with additional biplumose setae lateral to acute median notch giving formula of 6+6; otherwise unchanged.
Pereiopods (
Abdomen (
ZoeaV
Carapace ( Figures 1 F and 2D ; Table/ ). Now with 14 pairs of anterodorsal setae and each ventral margin with 24 setae (one plumose anterior seta and 23 sparsely plumose posterior setae); otherwise unchanged. Figure 4D ). Endopod bud present; exopod now with 11-13 aesthetascs and two setae (S) terminally, and two subterminal aesthetascs.
Antennule (
Antenna (Figure 4/).
Endopod bud partially segmented and approximately as long as exopod; otherwise unchanged. Figure 5D ). Endopod bud (palp) more developed but unsegmented and unarmed.
Mandible (
Maxillule ( Figure 6D ). Coxa unchanged; coxal endite with 21 setae (PD); basial endite with 23--25 setae (PD); endopod unchanged. Figure 7D ). Coxal endite with 13--14+8-9 setae (PO); basial endite with ,A81.0mm HO.Smm,
Maxilla (
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Larval development of Pseudocorcinus gigas
13-15+11 setae (PD); endopod unchanged; exopod (scaphognathite) margin with 51-56 setae (HP).
First maxilliped ( Figure 8D ). Exopod distal segment with 15 long terminal setae (HP); otherwise unchanged.
Second maxilliped (Figure 81 ). Number of setae on terminal segment of endopod unchanged but all now plumodenticulate; exopod distal segment with 17 long terminal setae (HP); otherwise unchanged.
Third maxilliped ( Figure 9D ). Further developed with partial segmentation; otherwise unchanged. Figure 9D ). Further enlarged with partial segmentation.
Pereiopods (
Abdomen (Figure JOE
. Somite 1 now with mid-posterodorsal spine further reduced and 10 posterodorsal setae; pleopod buds on abdominal somites 2-6 further developed and elongate, now biramous with endopods present except on pleopod 5 (somite 6); the dorsomedial spine on the telson is further reduced or absent; otherwise unchanged.
Megalopa
Carapace ( Figure JJA) . Dimensions: CW 2.92 ± 0.18 mm, CL 3.57 ± 0.22 mm; carapace roughly quadrangular, broadest immediately below orbits and narrow ing posteriorly; surface has a covering of setules, denser towards margins as illus trated; intra-orbital plate simple, over half width of carapace, lateral margins almost parallel, slightly bilobed with medial depression, and directed obliquely downward.
Antennule ( Figure 4£ ). Peduncle three-segmented with 3, 5, 0 setae (S), respec tively; endopod two-segmented with 2, 6 setae (S), respectively; exopod four segmented with 0, 5+6, 5+4, 4+3 subterminal aesthetascs, respectively, segment 4 with three setae (S). Figure 41 ). Peduncle three-segmented with seven (2 S, 5 PD), six (PD), six (S) setae, respectively; flagellum eight-segmented with 0, 2, 4, 1-2, 5, 2, 4, 5 setae (S), respectively. Figure JJB) . Endopod palp three-segmented, although divisions between segments 1 and 2 sometimes unclear, terminal segment with 19-23 marginal setae (PD).
Antenna (
Mandible (
Maxillule ( Figure 6£ ). Coxa with six setae (3 P, 3PD); coxal endite with 33-39 setae (PD); basial endite with 35-37 setae (PD); endopod now unsegmented with 2+2+2+2 setae (PD).
2.0mm.
,B05mm C-F1.0mm Larval development or Pseudocarr:inus gigas Maxilla ( Figure 7£ ). Coxal endite bilobed with 23-26+11-13 setae (PD); basial endite bilobed with 17-21+16-18 setae (PD); reduced endopod which is no longer bilobate, with 8-14 setae (7-11 HP, 1-3 PD); exopod (scaphognathite) margin with 80-88 setae (HP) and three lateral setae (P) on each side.
First maxilliped ( Figure BE) . Well-developed triangular epipod with 20-26 long setae (S); coxal endite with 22-27 setae (PD); basial endite with 53-61 setae (PD); endopod unsegmented with 5-7 spines, 3-6 subterminal setae {PD) and 2-5 terminal setae (PD); exopod two-segmented with 5-8 (P) and 6-8 (HP) setae, respectively.
Second maxilliped (Figure 81 ). Epipod bilobate with 21-22long setae (HP); coxa with two setae (PO); basis with six setae (PD); endopod five-segmented with 4, 5-8, 6, 12-15, 10-12 setae (PO), respectively; exopod two-segmented, first segment with 4-7 spines and one seta (S), terminal segment with eight setae (HP).
Third maxilliped (Figure llC) . Epipod with 39-53 long setae (P) and arthro branch gill; coxa and basis not differentiated with 16-28 setae {8-16 S, 8-12 PD); endopod five-segmented with 57-63, >40, >30, >30, 17-21 setae (PO), respec tively; exopod two-segmented with 6-8 (S), 7-8 (1S, 6-7 HP) setae, respectively.
Pereiopods (Figure liD-F).
Cheliped with two curved spines on ischium, one more prominent; pereiopods 2-5 thin and setose; dactylus of pereiopods 2-4 with a strong, inwardly flexed terminal spine and with 9-10, 8-9 and 7-8 spines on inner margin, respectively; strong spine on distal inner margin of pereiopods 2-4, strongest in pereiopod 2; pereiopod 5 with no spines along inner margin of dacty lus, 4-6 small terminal spines, and 3-4 subterminal long setae.
Sternal plates. Plates anterior of second pereiopods (plates 1-3) fused with row of eight setae along anterior third; behind this row of setae is a minute medial spine flanked by 8-10 pairs of setae. Remaining sternal plates unarmed.
Abdomen . Six somites present plus telson with dorsal setation as figured; exopods of pleopods 1-4 with, respectively. 32-34, 33-35, 29-31 and 26-30 natatory setae; endopods with 6-7, 5, 5, 4-5 coupling hooks on the inner margin; uropods without endopod, with 19-20 natatory setae on distal and one seta on proximal segments; telson rounded, posterior margin with five setae.
Discussion
Phylogenetic significance oflarval characters
Several authors have attempted to explain phylogenetic relationships of xanthoid crabs based on larval characters. Wear {1970) considered that the most important single zoeal character for distinguishing major groups is the length of the anten na! exopod in relation to that of the protopodal process. Rice {1980) divided xanthoid zoea larvae into four groups using several characters with emphasis on the antenna! exopod. This scheme was expanded further by Martin (1984) to cover two additional groups, although the original groups proposed by Rice (1980) remained unaltered. Pseudocarcinus gigas falls into group III of these clas sifications as the zoea larvae have a robust antenna! exopod with three unequal terminal setae. In addition, the other characters used by Rice (1980) and Martin (1984) to define group III are also present, although there are five zoeal stages, a character more typical of group IV. The zoeal groups proposed by Rice (1980) and Martin (1984) correspond only loosely with the classification of Guinot (1978) , which was based on adult char acters. Zoeal group III includes genera from the Oziidae, Trapeziidae and Platy xanthidae, while the genera Menippe and Sphaerozius are in zoeal group IV, although these also lie within Guinot's Oziidae (termed Menippidae by Guinot, l978; see Holthuis, 1993) . Although the zoeal groupings are broad, they do not challenge the placement of P.gigas within the Oziidae.
Some of the larval characters of P.gigas indicate affiliation with the genus Ozius, which is also present in southern Australia. The first abdominal somites of P.gigas zoea larvae bear a single dorsal spine which is an unusual larval charac ter and has been suggested as a generic feature of Ozius based on O.truncatus and O.rugulosus rugulosus (Wear, 1968; Kakati and Nayak, 1977; Wear and Fielder, l985) . The cheliped ischium of the P.gigas megalopa bears a prominent recurved spine which is also present on the two described Ozius species, but not for any other member of the Oziinae with described larvae (listed in the Introduction). Martin (1988) presented a detailed analy~is of the phylogenetic relationships of xanthoid crabs based on 16 megalopal characters; when megalopas of Ozius spp. and P.gigas are compared with this more extensive list of criteria, any relationship appears to be less clear. Using Martin's (1988) criteria for megalopas, P.gigas appears to be more closely affiliated with the genus Menippe, which also belongs to the Oziinae yet falls into group IV of Martin's (1984) grouping of xanthoid zoea larvae. This apparent affiliation of megalopas is largely due to higher setal counts on appendages. Setal counts on mouthpart segments tend to increase with each zoeal stage so it is not surprising that P.gigas and Menippe spp., each with five zoeal stages, tend to have more setae at megalopa than other members of Oziinae which only have four zoeal stages.
Number of zoeal stages
Most xanthoid crabs have four zoeal stages, although this number is variable, even within genera (Wear, 1970) ; for example, Pilumnus lumpinus has only a single non-planktonic larval stage (Wear and Fielder, 1985) while most other Pilumnus species have four zoeal stages. Martin (1984) discussed trends in the number of larval ins tars and noted that abbreviated development has been attrib uted to development within restricted estuarine habitats (Rice, 1980) , although he considered this theory untenable given that numerous exceptions exist. Advanced development (greater than four zoeal stages in xanthoids) was discussed by Scotto (1979) who attributed the prolonged development of Menippe species to a retained primitive feature, being similar to cancrids. The explanation of Scotto (1979) implies that retention of five larval stages is a primi tive trait and that Menippe is a primitive genus. However, other authors have considered the genus derived (Rice, 1980) . The example already listed of vari ation in the number of larval stages in Pilumnus implies that the number of zoeal stages is relatively plastic and may be a poor indicator of phylogeny.
Dispersal will be influenced by the number of larval stages, although Haven hand (1995) noted that dispersal of adults by rafting or drifting may be more wide spread, and more important, than is generally appreciated. Clearly, chances of dispersal of adults by drifting are greatest in small species. The advanced larval duration of Menippe and Pseudocarcinus may simply be a response to the limited potential for dispersal of the adults as these are among the physically largest genera of the Xanthoidea.
